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ABSTRACT: A 2-yr, seasonal, parasitological study of 1,435 fish, belonging to 4 species ofnative fishes and 7 species ofnonnative
fishes from the lower Little Colorado River (LCR) and tributary creeks, Grand Canyon, Arizona, yielded 17 species of parasites.

These comprised I myxozoan (Henneguya exilis), 2 copepods (Ergasilus arthrosis and Lernaea cyprinacea), 1 acarine (Oribatida
gen. sp.), 1 piscicolid leech (Myzobdella lugubris), 4 monogeneans (Gyrodactylus hoffinani, Gyrodactylus sp., Dactylogyrus
extensus, and Ligictaluridus floridanus), 4 nematodes (Contracaecum sp., Eustrongylides sp., Rhabdochona sp., and Truttaedac-
nitis truttae),3 cestodes (Bothriocephalus acheilognathi, Corallobothrium fimbriatum, and Megathylncoides giganteum), and 2
ffematodes (Ornithodiplostomum sp. and Posthodiplostomum sp.). Rhabdochona sp. was the only adult parasite native to the
LCR. Infection intensities of Ornithodiplostomum sp. and B. acheilognathi were positively correlated with length of the humpback
chub Gila cypha. Adult helminths showed a high degree of host specificity, except B. acheilognathi, which was recoveredfrom
all fish species examined but was most abundant in cyprinids. Abundance of B. acheilognathi in the humpback chub was highest
in the fall and lowest in the summer in both reaches of the LCR. There was no major taxonomic difference in parasite assemblages
between the 2 different reaches of the river (LCl and LC2). Parasite community diversity was very similar in humpback chub,
regardless of sampling site or time. The parasite fauna of the LCR is numerically dominatedby B. acheilognathi andmetacercariae
of Ontithodiplostomum sp. The richest and most diverse component community occurred in a nonnative species, the channel
catfish lctalurus punctatus, but infracommunity species richness was highest in a native host, humpback chutt.
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The closure of Glen Canyon Dam (Fig. 1) in 1963 had a

profound effect on the physical nature and ecology of the Col-
orado River in Grand Canyofl, transforming a once seasonally
warm, turbulent, muddy river into one that is perennially cold
and relatively clear (National Academy of Sciences, 1991). The
system has been further altered by the introduction of at least
24 species of nonnative fishes (Valdez et ?I.,, 2004), some of
which may be affecting native fish populations (Minckley,
1991; Marsh and Douglas, 1997; Fuller et al. ,, 1999). The native
fish fauna in Grand Canyon today comprises only 4 species,
i.e., 2 catostomids (bluehead sucker Catostomus discobolus
Cope and flannelmouth sucker C. Iatipinnis Baird and Girard)
and 2 cyprtnids (speckled dace Rhinichthys osculus Girard and
endangered humpback chub Gila cypha Miller).

Nonnative fishes have also introduced potentially pathogenic
fish parasites into the system. Two such parasites, the Asian
fish tapeworm Bothriocephalus qcheilognathi Yamaguti, 1934
and the anchor worm Lernaea cyprinacea Linnaeus 17 61, have
been found in native and nonnative fishes of the Colorado River
and its tributaries in this region (Carothers et al., 1981; Brouder
and Hoffnagle, 1997; Clarkson et al ., 1997; Hoffnagle and Cole,
1999). These studies also indicated that the 2 parasites were
more abundant in the Little Colorado River (LCR), the major,
relatively unaltered tributary of the Colorado River in Grand
Canyon. The LCR has become increasingly significant to the
biology of the native fishes in Grand Canyon after dam instal-
lation on the Colorado River and is an important spawning and
nursery site for all 4 native fish species. It is also the most
important (and perhaps exclusive) spawning site for the endan-
gered humpback chub (Robinson et al. , 1996; Valdez and Ryel,
1997; Stone, 1999). In addition, 6 nonnative fish species, i.e.,
3 cyprinids (common carp Cyprinus carpio L, fathead minnow
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Pimephales promelas Rafinesque, and red shiner Cyprinella lu-
trensis, Baird and Girard) , 2 tctalurid catfishes (channel catfish
Ictalurus punctatus Rafinesque and yellow bullhead Ameiurus
natalis Lesueur), and 1 cyprinodontid (plains killifish Fundulus

zebrinus Jordan and Gilbert) have reproducing populations in
the LCR. Stocked rainbow trout Oncorhynchus mykiss Wal-
baum, from Lees Ferry reach, a 26-krn tailwater immediately
below Glen Canyon Dam, ate not uncommon in the LCR,
whereas brown trout Salmo trutta L. ate rarer.

Although previous studies have reported the distribution and

host associations of B. acheilognathi and L. cyprinacea, the

seasonal patterns of these parasites, as well as the parasite fauna
of native and introduced fishes in Grand Canyon, in general,

remain largely unknown. The importance of the LCR in sus-

taining the endangered humpback chub and at least 2 rntroduced
parasites known to parasituze it,, and the presence of nonnative
fishes, made this river a natural site for a 2-yr seasonal study
on the parasite fauna. The study addresses the characteristics of
the parasite fauna, host-parasite associations, and seasonal pat-
terns of parasitism in this unique ecosystem.

MATERIALS AND METHODS

Study area

The study area comprised the lower 18 km of the LCR to its conflu-
ence with the Colorado River at River Kilometer (RK) 98.6, within
Grand Canyon, Arizona (Fig. 1). The LCR, with headwaters in the
White Mountains of northeastern Arizona, has a length of 536.3 km
and a drainage area of 69"790 km2 (Oberlin et al., 1999). The major
source of its perennial lower 22 km stretch is Blue Springs and a series
of smaller springs, which together discharge approximately 6.3 m3/sec

of 2O C water that is supersaturated with calcium carbonate and charged
with free CO., (Johnson and Sanderson, 1968; Cole, I975). These car-
bonates give the LCR its characteristic aqua-blue color during base flow
periods. Deposits of carbonates (mainly CaCOr), known as travertine,
form on the stream bottom, along stream banks, and on rocks, in turn
encrusting vegetation and srnothering the benthos. Tiavertine formations
along the edges of riffles and rapids result in low travertine 'dams' and
impede flow. During periods of flooding, usually in the monsoon season
(July-September) and in the spring (February-April), the flow in the
LCR can reach 3,400 m3lsec (USGS: www.usgs.gov/nwis/). Vegetation
along the stream bank is generally sparse and consists of stands of
Phragmites australis, Salix exigua, and Tamarix chinensis.
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Frcunr 1. The Colorado River drainage and location of fish sampling sites in the LCR, Grand Canyon, Arizona. LCl : RK O-2.5: LC2
RK 10.6-11.5; LC3 : RK 14.5-15.1; BCC, Big Canyon Creek; BCS, Big Canyon Springs; SAC, Salt Creek.
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The 3 sampling reaches, on the lower 18 km of the LCR, were des-
ignated LCl ,LCz, and LC3. The most upstream reach (LC3) was above
the Atomrzer/Chute Falls Complex, 13.6 RK upstream of the confluence
with the Colorado River. This reach usually contains only speckled dace
and nonnative common carp and fathead minnows (Robinson et al.,
1996; D. Stone, pers. comm.) because of the waterfall barrier. This reach
was only sampled once (September 1999) because river conditions did
not permit helicopter landing on a regular basis. The middle reach (LC2,
RK 10.6-11.5) is in the area of Salt Tiail Canyon (RK 10.8) and con-
tains all fish species that complete their life cycles in the LCR, as well
as occasional rainbow trout (Robinson and Clarkson 1992: U.S. Fish

and Wildlife Service, 1994). Two clear saline creeks, Big Canyon Creek
(BCC) in Big Canyon and Salt Creek (SAC) in Salt Canyon, and a

saline spring, Big Canyon Springs (BCS), drain into the LCR in this
reach. These tributaries were also sampled. The most downstream reach
(LCl) is in the vicinity of Boulder Camp (RK 2) and ranged from RK
2.5 to the mouth (RK 0). This reach contains all species present in the
LCR, including those that move into the LCR from the Colorado Riveq
such as rainbow trout and, more rarely, brown trout S. trutta (Robinson
and Clarkson 1992; Arrzona Game and Fish Department, 1996; Brouder
and Hoffnagle, 1997). Nets and other sampling gear (see below) were
set within a 1 km and 2.5 km stretch at LCz and LC1, respectively.

TABI-B I. Lengths, weights, and total number of fish examined in a study of the Lower Little Colorado River.

Fish species Length* (mm) Weight* (g) N
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Native

Catostomus discobolus

Catostomus latipinnis

Gila cypha

Rhinichthys osculus

Nonnative

Ictalurus punctatus

Cyprinus carpio

Pimephales promelas

Fundulus zebrinus

Oncorhynchus mykiss

Cyprinella lutrensis

Ameiurus natalis

84.48 -f 48.93
(3s-288)
103.64 + 96.46
(36-4e2)

93.55 + 36.43
(34-232)

69.r -{- r2.t2
(2e-rrs)

38I.57 1- 212.7 I
(48-770)
rr9.16 -r 133.83
(32-600)
6I.97 -f t2.I2

(31-ee)
55.48 -r- 9.4

(28-8 1)

326.14 +- 44.34
(2s2-44r)
60.18 J- 10.31

(s0-88)
165.42 + 63.15
(80-2s2)

10.67 + 23.32
(30-r47)

50.89 t r73.r7
(o.s-e62)

7.76 -r 10.27
(0.2-78.3)

2.97 ! 4.47
(0.2-8s)

1,147.68 + 469.3
(0.8-8,030)

L39.64 + 463.57
(0.5-2,617.5)

2.42 -r I.6r
(0.3-10.3)

I.67 -f 0.9
(0.4-s.5)

298.69 -F r33.r4
(r22-44r)

r.97 -r- 0.89
( 1-3.e)

76.77 -+ 63.84
(5.7-1 8s)

148

73

IT6

630

54

63

r93

t13

22

11

I2

l'
I
I * Mean -f SD (minimum-maximum).N - sample size.
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TaeI-B II. Parasites of native fishes in the Little Colorado River.*

BHS (n - 148) FMS (n : 73) HBC (n - 116) SPD (n - 630)

I
I
I
I
I
I
I
I
I
I

Parasite species
Monogenea

Gyrodactylus sp.

Cestoda

B othrioc ephalus acheilo gnathi

Corallobothriinae (pl.)f

Tiematoda

Ornithodiplostomum sp.t (v)

Ornithodiplostomum sp.t (b)

Ornithodiplostomum sp.t (e)

P o sthodiplo stomum sp.f

Unidentifi ed metacer caria

Nematoda

Rhabdochona sp.

Eustrongylides sp.f

Contracaecum sp.t

Acari

Oribatida gen. sp.t

Crustacea

Lernaea cyprinacea (adult female)

Le rnae a cyp rinac eaf (copepodites)

0.05 -f 0.59
(0-7) (0.01)

0.07 -1- 0.59
(0-7) (0.03)

0.006 -r o.g2
(0-1) (0.006)

o.o7 -f 0.48
(0-4) (0.03)

0.01 -r 0.r2
(0-1) (0.01)

18.36 -f 34.55
(0-243) (0.84)
0.009 -f 0.09
(0-1) (0.01)

7.69 -+ 20.67
(o-2o2) (0.67)

0. 15 1- 0.46
(0-3) (0. 1 1)

o.o2 -l- 0.13
(0-1) (0.01)
0.01 -f 0.09

(0-1) (0.01)
0.009 -f 0.09
(0-1) (0.01)

0.1 1 -r 0.39
(o-2) (0.0e)

0.07 -r 0.25
(0-1) (0.01)
0.03 -r 0.37

(o-2) (0.01)

0.04 -r 0.44
(0-7) (0.01)

r.97 r- 6.06
(0-64) (0.43)

r.53 -r- 3.36
(o-32) (0.4)
0.03 -f 0.19

(o-2) (0.03)
0.001 -f 0.04
(0-1) (0.001)

0.003 -f 0.06
(0-1) (0.003)

0.37 -f r .66
(o-23) (0.r2)
0.001 -r 0.04
(0-1) (0.001)
0.003 -f 0.06
(0-1) (0.003)

o.o2 -f 0.18
(0-3) (0.02)

0.01 {- 0.1 1

(0-2) (0.01)
0.008 -+- 0.10
(o-2) (0.01)

l'

I
I
I

I
I
I

* Mean abundance + SD (minimum-maximum) (prevalence).
f Larval stages: pl, plerocercoid; v, viscera; b, brain; e, eye.

e.9., channel catfish, red shiners, etc., and to other continents,
e.9., common ca{p. The 4 natle flshes made up 67.47o of the
total sample. Speckled dace comprised 43.9Vo of the total sam-
ple. All but 1 rainbow trout were caught from the LCR, and
mostly in the downstream reach, LCl. SimilarIy, humpback
chub were rarely caught from sites other than the LCR. BCC
and SAC provided mainly speckled dace and occasionally a few
other smaller species. BCS yielded mainly plains killifish and
speckled dace (Fig. 2). In generaI,2 reaches of the LCR (LCl
and LC2) consistently yielded a major proportion of the sam-
ples (Fig. 2), as well as the richest assemblage of fish species
throughout the study (Fig. 3). High turbidity during the Septem-
ber 1999 sampling period made sampling difficult and a sudden
flooding event forced an early termination of sampling at LC 1 .

This is reflected in the poor returns from sampling in the LCR
during that time.

Most species were sampled over a considerable size range
(Table I). However, most (>9OVo) of the flannelmouth suckers

examined were ( 100 mm long. Similarly, most of the bluehead
suckers were also immature individuals. Species such as the red
shiner, yellow bullhead, and common earp were caught more
sporadically. Most carp samples were concentrated in 1 sam-
pling period (June 2000), and these consisted largely of small
immature individuals. Other fish species, including most of the
channel catfish examined, were taken as older juveniles and
adults (see lengths and weights in Table I).

Parasites

A total of 17 species of parasites was recovered (Tables II,
m). The species of monogenean found in speckled dace closely
resembles the species found in fathead minnow (except for mi-
nor differences in the dorsal bar) and may be conspecific with
it, but has been treated separately because of condition of sam-
ples. Eleven of the 16 metazoan parasites were found as adults.
Of these, Rhabdochona sp. was the only adult parasite native
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Tlele IV. Parasite component community diversity* and infracommunity richnessf in humpback chub, speckled dace, and channel catfish from
the LCR.

Gila cypha Rhinichthys osculus Ictalwrus punctatus

I
I
I

Sampling period

June 1999

September 1999

April 2000

June 2000

September 2000

April 2OOI

0.22 (0.41) (N : 19)

1.0 -r o.74
0.28 (O.47) (N : 18)

r.73 -f 0.93
0.25 (0.53) (N : 20)

7.6 -F 0.59
0.26 (0.55) (N : 20)
t .35 -f 0.8 1

0.31 (0.44) (N : 20)
2.25 -r- 0.63
o.29 (0.41) (N : 2Oi)

2.22 +- 0.42

0.21 (0.57) (N : 86)
0.53 -f 0.68
0.42 (0.89) (N : 99)
1.06 -f 0.83
0.31 (0.48) (N : 97)
r.3l -F 0.87
0.51 (0.72) (N : 113)

1.O2 -r O.ll
0.49 (0.63) (N : 111)
| .22 -f 1 .01

0.38 (0.55) (N : r24)
0.81 t 0.83

0.36 (0.59) (N : 10)
2.0 -+ 1.15

0.50 (0.65) (N : 11)
r.54 -r 1 .29

0.58 (0.69) (N : 12)
1.42 -r 1.38

0.50 (0.6) (N : 7)
1 .85 -r r .46
0.35 (0.48) (N : 13)
0.61 -f 0.96

I
I
I

* Shmnon-Wiener index (Shmnon's H') followed by evenness (in prentheses) md the smple size (N) of hosts in parentheses.
t Mean infracommunitv richness a SD. I

I
I
t
I
I
I
I
I

sampling sites (Fig. 7). Abundance of B. acheilognathi infec-
tions in speckled dace was significantly higher in BCC through-
out the study than in any other location (Fig. 8). Of the2 creeks,
a seasonal pattern of tapeworm abundance was only observed
in BCC, where abundance values of the tapeworm were signif-
icantly higher in the spring and lower in the fall and summer
(Fig. 8). In total, 3,930 individuals of B. acheilognathi were
recovered in this study. Of thesa,2,130 (or 54.I7o) were found
in humpback chub. Regression analyses showed that, overall,
there was a positive correlation between length of humpback
chub and tapeworm burden (overall R2 - O.I2), but R2 values
varied from as low as 0 (September 1999) to 0.19 (April 2000).

Abundance of Ornithodiplostomwm sp. also followed trends
in humpback chub that were similar to those seen with B. ach-
eilognathi (higher abundance values in the fall) (Fig. 9). Or-
nithodiplostomum sp. also shows significantly higher abundance
values in BCC than elsewhere (Fig. 10). Regression analyses
indicated that, overall, infections of Ornithodiplostomwm sp.
(worm burden) were positively and significantly correlated with
body size of humpback chub (R2 : 0.28), but R2 values varied
between a low of 0.03 (not significant) (September 1999) and
a maximum of 0.75 (September 2000) (significant).

Temperature

Temperature profiles were generated from the temperature
data recorded by the Hobo@ T"-p data loggers for BCC and

TnsI-E V. Parasite component community diversity* in humpback chub
and speckled dace at different sampling sites in the LCR.

Gila cypha Rhinichthys osculus

SAC (Fig. 11) and for the LCR from the data recorded by the
USGS temperature data logger (Fig. l2).The sharp decrease in
temperatures in both SAC and BCC near the end of October
(Fig. 11) was possibly due to a flooding event in Salt Canyon
and Big Canyon.

DISCUSSION

Fifteen of the 17 species of parasites identified in this study
(Tables II, m) are first published records for the LCR and for
the Colorado River drainage in Grand Canyon. Bothriocephalus
acheilognathi and L. cyprinaceo have been reported from the
LCR and other sites in the Grand Canyon (Carothers et aI.,

198 1 ; Brouder and Hoffnagle, 1997; Clarkson et al., 1997 ;

Hoffnagle and Cole, 1999). The parasite assemblage is unique
in having only 1 species of native adult helminth, i.e., the 'new'
species of Rhabdochona in speckled dace, and the native par-

asite fauna is species-poor and occur with low abundances. The
parasite assemblage was numerically dominated by parasites
introduced by nonnative flsh (as in B. acheilognathi) or by pi-
scivorous birds (as in Ornithodiplostomum sp.). This follows
the spillover patterns seen in other systems involving intro-
duced parasites (Leong and Holmes, 1981). Exchange of adult
parasites among hosts appears to be rare, and host specificity
or host preferences observed in this study follow patterns of
associations elsewhere (Hoffman, 1999). Although B. acheil-
ognathi was found in all fish species examined, it clearly has a
predilection for cyprinids. This is in keeping with its known
host preferences (Bauer, I99l; Kennedy, l99I; Scholz, I99J ,

1999; Hoffman, 1999).
The parasite fauna in the LCR is also unusual in lacking adult

trematodes. Instead, there are only larval strigeids (Ornithodi-
plostomum sp. and Posthodiplostomum sp.) that are likely trans-
mitted by the only species of mollusk, Physa pilsbryi, in the
LCR and its tributaries (data not shown). This explains why
trematodes such as lissorchiids and macroderoidids, generally
characteristic of catostomids and ictalurids, respectively (Hoff-
mann, 1999), are not found in these fishes in the LCR. Periodic
flooding causes at least periodic reduction of the invertebrate
fauna (potential intermediate hosts) from the river. Recoloni-

'l
Sampling sitef

LCl 0.27
LCz 0.29
BCC
BCS
SAC

(o.44) (N : 58)
(0.38) (N : 52)

0.46 (0.59) (N : 101)
0.5s (0.81) 1N - r2s)
0.3s (0.s1) (N - r43)
0.50 (0.65) (N : 81)
o.43 (0.56) (N : 160)

I
I
I

* Shannon-Wiener index (Shannon's H') followed by evenness (in parentheses)
and the sample size (N) of hosts in parentheses.

t See Figure 1 for sampling sites.
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